INTRODUCTION
1. International conventions define activities that children should not be allowed to carry out in terms of the consequences of such activities rather than on the basis of the characteristic of the activity itself. For example, categories of child labor to be abolished under the provisions of International Labor Office (ILO) Conventions 138 and 182 include hazardous work, defined as "labor that jeopardizes the physical, mental or moral well-being of a child" (ILO, 2002) . The ILO estimates that there are 171 million children worldwide engaged in hazardous work, of which nearly two-thirds are under the age of 15 years (ILO, 2002, Table 1 ). If there are significant negative effects of child work on health, then the case for policies that reduce children's work activity is strengthened. However, the health consequences of child work are largely unknown and empirical investigation not an easy task. Work activity and health are jointly determined. This is particularly true in poor countries and even more so among children in poor countries. Endogeneity may arise through common unobservable e.g. genetic health endowments and preferences, which influence both health and decisions to work. In addition, a two-way causal relationship might operate. While work conditions and experiences can impact on health, a sick child is simply incapable of work. Physical work consumes energy required to fend o § infection but disease itself depletes the stock of energy and can leave a child incapable of work (Dasgupta, 1993, pp.401-36) . 2. Recently, a few papers have devoted attention to such issues. For a recent re-view see O'Donnell, Rosati and van Doorslaer(2002) and for an analysis of short and medium term effect of child labor on health with an application to Vietnam see O ' Donnell, Rosati and van Doorslaer (2003) . In contrast to the majority of publications in the literature, this paper focuses on the identification of the long run effect of child labor on health. The purpose of the study is to extends previous findings, see e.g. Kassouf, McKee, and Mossialos (2001) , by addressing explicitly the role of individual and household specific unobservable in the estimation strategy. Therefore, in the first step we show that in traditional cross sectional regression analysis the estimated relationship between child labor and adult ' s health is biased through the existence of household and individual specific effects and discuss the direction of the bias. In the next step, we build a data set on siblings from the Guatemalan National Survey of Living Condition (NSLC 2000) . In order to control for the unobserved household specific effect we transform the data into a panel by using information on the characteristics of siblings in the corresponding households. Following this transformation and in line with identification strategy chosen by Ashenfelter and Krueger (1994) , we show how to control for the unobserved household specific effect by utilizing the conditional fixed effects logit estimator. The estimation results indicate that there is a significant negative impact of child labor on adult's health. Notice, however that we are not able to control for individual specific effects in the given framework since siblings are, in contrast to the monozygotic twins analyzed in Ashenfelter and Krueger (1994) , not genetically identical. However, as unobservable individual health endowment has generally a positive causal impact on child labor (i.e. children that are healthier by nature have a higher probability of working), we can interpret our estimates as a lower bound of the true impact. 3. The paper is organized as follows. In section 2 we summarize the literature on child work and health. In section 3, we describe the identification strategy and the properties of 2 DOES WORK DURING CHILDHOOD AFFECT ADULT'S HEALTH? AN ANALYSIS FOR GUATEMALA the data set, and present the results of the conditional fixed effects logit estimation. Section 4 concludes.
CHILD WORK AND HEALTH
4. Occupational hazards jeopardize health. Risks faced by working children may be greater than those confronted by adults. Physiological and psychological immaturities make children more vulnerable to abuse and to given health risks. Children are more prone to injury through accidents and more sensitive to noise, heat and toxicity (Bequele and Myers, 1995; Forastieri, 1997; ILO, 1998; Fassa et al, 2000) . The physical strain of work on growing bones and joints can lead to stunting and spinal injury (ILO, 2002, p.12) . All these risks are increased for poorly fed children, whose physiology has already been weakened through malnourishment (ibid). Physical work depletes a child ' s stock of energy. Overexertive work exhausts the energy stock below the minimum required to sustain physical growth and combat infection (Dasgupta, 1993, pp. 401-36) . 5. Agriculture, the dominant sector of child employment, is an industry with a very poor record of safety, with 1 in 8 child workers suffering illness or injury (Ashagrie, 1998 , Table 6 ). The difficulty of regulating child work environments that are invariably informal, small scale and illegal further raises the health risks faced by child workers (Fassa et al, 2000) . Most child work is undertaken within the family unit. Perhaps surprisingly, this setting generally accounts for a disproportionately high percentage of all working children with health problems (O'Donnell et al, 2002) . 6. Health gains from child work are not inconceivable. In conditions of extreme poverty, a child's labor can make an important contribution to the household ' s living standard (Bhalotra, 2003) and subsequently to health (Steckel, 1995; Smith 1999) . In addition to raising total household income, the child worker can be expected receive a disproportionate share of these resources. Irrespective of whether the household is modelled as a single decision making unit or as a collection of bargaining agents, theory predicts that disproportionate resources will be allocated to maintaining the strength and health of the most productive members (Pitt et al, 1990) . 7. While many of the health risks of child work threaten immediate damage to health, others are likely to develop over many years and might only become manifest in adulthood. Exposures to pesticides, chemicals, dusts and carcinogenic agents increase the risks of developing bronchial complaints, cancers and a wide variety of diseases (Forastieri, 1997; ILO, 1998; Fassa et al, 2000) . Individuals working in childhood are doubly vulnerable to chronic health problems ñthey are exposed to risk factors for longer periods and the biological process of rapid cell growth reduces the latency period of some diseases (Fassa et al, 2000) . Child work may also have a long-term impact on health through forgone education, and subsequently reduced lifetime earnings and constrained knowledge of health production mechanisms. Evidence on the trade-o § between child work and schooling is mixed but, on balance, supports the crowding-out hypothesis (Rosenzweig and Evenson, 1977; Psacharopoulos, 1997; Grootaert and Patrinos, 1998; Cigno and Rosati, 2002) . 8. Existing evidence on the health consequences of child work is limited. For a review see O'Donnell, Rosati and van Doorslaer (2002) . One of the few paper focusing on the long term effect of child labor on adult health is Kassouf et al (2001) . The paper uses Brazilian data and finds that an individual is more likely to report poor health in adulthood, the lower the age of entry into the labor force. Controlling for education, the correlation is weakened but remains significant for some age and sex groups. This is suggestive of an effect of child work on adult health, in part operating through forgone education, although the limited control for covariates makes it difficult to draw firm conclusions. Using data from Brazil and controlling for age, education, wealth, housing conditions, unemployment status and race, Giuffrida et al (2001) finds also that entry into the labor force below the age of 10 has a statistically significant and substantial negative effect on health in adulthood. Given the inclusion of so many control variables, the result is suggestive of a negative effect of child work on adult health. However, as we shall discuss below, the estimates might be biased due to the role of individual and household unobservable and the correlation shown in the two studies might not necessarily reflect a causal relationship. Given the importance of identifying the link between child labor and health we analyze again the long term link between child work and health during adulthood, using a methodology that allow us to tackle the issue of unobserved heterogeneity and to assess the possible causal link on a firmer ground.
EFFECTS OF CHILD LABOR ON ADULT HEALTH: ECONOMETRIC METHODOLOGY
9. The relationships between child labor and health are very complex and it appears that any negative effect can take time to manifest themselves. For this reasons we have tried to assess the long term effects of child labor on health by analyzing the impact of child work experiences on adult ' s health. We used data on Guatemalan adults that contains retrospective information on the age at which they begun to work. The formulation of the empirical test is relatively simple: it consists in assessing if having worked as a child had an impact on the current health status of the adult. However, the interpretation of such possible correlation in terms of a causal relationship poses several problems that we discuss with some length in this section. 10. According to Behrman and Wolfe (1989) one can generally collapse the reduced form determinants of an adult's health into four categories: observed indicators of earlier childhood and environment, unobserved household specific indicators, observed individual specific indicators (e.g. gender, age), unobserved individual specific effect and the price structure. The impossibility to control for a set of potentially relevant variables in the estimates may generate spurious results and this is the main concern that needs to be addressed. We can identify two sets of unobservables that are relevant to our problem both at the individual and household level. 11. As discussed in this section, one possible source of bias is the so called "healthy worker effect". All else equal, assuming health is positively related with labor productivity, the healthier individuals are more likely to be selected for work. Hence, a negative effect of work on health could be confounded by the fact that unobservable individual characteristics are not taken into account. Such a "healthy worker effect" may account for the measured positive (or weakly negative) relationship in simple correlation analysis between working children and health status. We call this effect the unobservable 4 DOES WORK DURING CHILDHOOD AFFECT ADULT'S HEALTH? AN ANALYSIS FOR GUATEMALA "individual effect" since it depends obviously on the genetically given characteristics of the individual. 12. A second source of bias exists because our data does not contain information on the household characteristics of the adult during his childhood: correlation between these unobserved characteristics and adult health outcomes might lead to biased estimates. Consider, for example, the relationship between the in-come of the household where the individual under observation was born, the work performed during childhood and the current (adult) health status of the individual. Poor household do invest less in health and education and are more likely to send their children to work. A negative correlation between child work and adult health might be spurious as it might reflect (also) to the low level of the unobserved investment in health during childhood. 13. We can summarize the effects by utilizing the following formula 2 :
1.
where b2 is the estimated effect of child labor on an adult's health, x stands for child labor, β2 is the true causal relationship between an adult ' s health and child labor, α H represents unobservable household characteristics and α i is the unobservable individual characteristics (where a large value of α H and α i means a "favorable" individual and household specific environment) and β3 and β4 are the corresponding direct effects on health. Ideally we would like to follow an approach that ensures that our conclusion about the relationship between child labor and health is not distorted by unobservables. One possible way to deal with this problem is to find a valid instrument that is uncorrelated with the unobservable term but highly correlated with the endogenous explanatory variable. However, as described in Bound, Jaeger, and Baker (1995) and Staiger and Stock (1997) the validity of the instruments depends highly on the correlation between the instruments and endogenous explanatory variable. The weaker the correlation the closer is the IV estimator to the standard OLS result. Another stream of the literature, see for example Imbens and Angrist (1994) , uses experimental or quasiexperimental data in order to handle the problem of endogeneity. Experimental means that the variable of interest, in our case child labor, is assigned completely randomly and is therefore uncorrelated with the unobserved characteristics of the individual. 14. In our case the discussed approaches are not feasible. The data set does not o §er information on variables that can be used as good instruments for individual unobservable and for past household unobserved characteristics. Also, it is d i ¢ cult to assume that assignment to child labor during childhood can considered as a randomly assigned treatment. 15. For these reasons we decided to follow a different route that is similar to the methodology chosen by Ashenfelter and Krueger (1994) . To measure the return to schooling, they overcome the problems linked to unobservable by using a sample of monozygotic twins. Accordingly, we use a self constructed sample of siblings from the Guatemalan NLSC to analyze the long run impact of child labor on health. To control for unobservable household specific characteristics, we transform the data in a panel structure and estimate the model by conditional fixed effects logit. The household specific effects are taken care of by the fixed effects and the estimated coefficient can be considered as unbiased by the unobserved past household characteristics. However, since our data set is not restricted only to monozygotic, genetically identical twins as in the case of Ashenfelter and Krueger, we still have the problem that our coefficient of interest might be contaminated by individual specific characteristics. Obviously, the direction of the bias depends on the sign of . In the literature, there is no rationale to assume that less healthier and hence weaker children are sent to work and certainly there is not even anecdotal evidence pointing in this direction. There is more support, both theoretical and empirical, to assume that the correlation between the unobservable health endowment and child labor is positive, i.e. healthier children are more likely selected to work. As a result and by defining that the latent dependent health status takes a high value if the individual has a bad health condition, the expected signs are: 2.
16. Hence it seems reasonable to assume that after controlling for households specific effects, b2 might underestimate the negative impact of child labor on health and will indicate the lower bound of the true causal effect.
The data
17. We used data from the Guatemalan National Survey on Living Condition (NSLC) of the year 2000 for our analysis. The NSLC is a cross section survey with information on individual and household level. I t contains information on household composition, education, migration, economic activities and health indicators. As discussed in the previous section, we will use a sub sample that contains in-formation on adult siblings. The sample has been selected in two stages. First we selected all persons in the data set that are 16 years and older. From this sub sample we identified all sets of siblings. The identification of the siblings was only possible if they still live in the same household 3 . Since every member of the household is required to report its relationship to the head of the household, we could identify more than one set of sibling in the household. For example, we will consider the children of the household head as one unit, while the brothers and/or sisters of head jointly with the head constitutes a different one. Since we assume that siblings have a common household specific background, we hope to capture the unobservable household specific effect by using the information contained in this sub sample.
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18. Obviously, the data set is by construction not representative of the Guatemalan society. However, since we do control for the common unobservable effect of siblings pairs in the estimation and for several other characteristics, the given selection criteria should not have an effect on the estimated result. I n the following discussion, we will refer to every set of siblings as a household. Before discussing the result of the estimates, let us briefly discuss the variables used in the regression analysis. On the basis of the selection criteria described above, we were able to identify 3409 individuals in 1396 households. Most of the units (925 households) contain only 2 observations. The two main variables of interest are the health status and the age of labor market entry. Obviously the true health status is unobservable. Therefore our study uses a self reported health indicator which takes a value of one in the case the person reported having bad health status in the last month and zero otherwise. This might cause a measurement error in our dependent variable. I f the measurement error is systematically related to one or more of the explanatory variables our estimator is biased. However, epidemiological studies show that self reported health indicators seems to be a good predictor of bad health and mortality. As discussed in Kaplan et al. (1983) individuals who report having a health problem, have a death rate which is three times greater than those reporting good health over a 9 year period 43 . Child labor is defined as a dummy taking, the value of one if the person entered the labor market between the age of 6 and 14. We use the education of the parents as an indicator of the childhood environment of the current adult. Be-cause we have very few observations in some groups we aggregated the variable in three categories. No education and preparatory school are grouped together and indicate the lowest level of education. Primary school constitutes the second category. While secondary, higher and postgraduate education are combined to indicate the highest level of education. The reference category in the estimates is the lowest level of education. To control for the price structure of health services in earlier childhood, we use a dummy for an urban birthplace. Further-more, we control for individual specific characteristics like age, gender (taking the value of one for women), education and current household characteristics like income, individual and collective shocks 5 , a dummy for rural residency and a dummy for indoor plumbing (labelled as "water" in the estimation results). The inclusion of the level of education allow us to identify the effect of child labor as such, separately from the indirect effect it might have through reduced education achievements. We assigned the value of zero to the dummy if the individual has less than a completed primary education, one otherwise. We also experimented with different cut o § points, but this had no significant effect on the results. We control for regional differences by introducing regional dummies for the Guatemalan states.
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UCW WORKING PAPER SERIES, FEBRUARY 2006 3.2 Conditional fixed effects logit 19. As discussed in the previous sections, without additional assumptions we are not able to estimate consistently the effect of child labor on an adults health. Omitting unobserved individual and household specific effects from the regression will generate biased estimators. Therefore, we use the information that is contained in the data set on the composition of the household to build a self constructed sample of siblings. After identifying the sets of siblings, we trans-form the data in a panel by defining yjj (the dependent variable, i.e. health condition) ; xi j (the explanatory) as observable characteristics of person j in household i (i.e. sibling j in the set i). In this framework, and by assuming that the unobserved household specific effect is constant within siblings, we are able to eliminate the unobserved household specific effect by utilizing the conditional fixed effects logit model 6 . The conditional fixed effects logit model, as demonstrated by Chamberlain (1980) and Andersen (1970) , offers an estimator of the structural parameters that is consistent even in the presence of incidental (household specific) parameters. The incidental parameter problem, as described by Neyman and Scott (1948) , arises because the number of incidental parameters increases without bound, as the number of households/units N →∞, while the information about each incidental parameter remains fixed. 2 0 .
The conditional fixed effects logit estimator 7 is obtained by conditioning the likelihood function on minimal sufficient statistics for the incidental parameters and then maximizing the conditional likelihood function. In the logit case such a statistic can be (the sum of the dependent variables in one unit, where M is the number of siblings). The fact that we can find a conditional distribution that does not depend on the on the unobserved household specific effect is a feature of the logit functional form. First notice that the conditional probability For y i given is:
3.
21. Where Ri is a subsetof R M defined as 6 Random Effects Estimation is not applicable in our framework as it requires the assumption that the unobserved terms are uncorrelated with the explanatory variables. 7 Although the name suggest it, fixed effect does not necessary mean that the unobserved effect is nonrandom. In our application, as described e.g. in Wooldridge (2002) , using fixed effects means that we allow for arbitrary correlation between the unobserved and the observed variables.
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22. Equation 2 is in a conditional logit form with the alternative sets Ri varying across observations i. Since the probability does not depend on the incidental parameter, the conditional maximum likelihood estimator β can be obtained by maximizing the corresponding log-likelihood function. The log likelihood can be obtained by summing (3) across i. Obviously one drawback of the conditional likelihood approach is that it can not produce any estimates on the incidental parameters. Furthermore, explanatory variables that do not vary within the unit cancel out in the likelihood function. Also, the algorithm discard house-holds in which every single member reported to have reported the same health status from the data set, as they do not offer any additional information on the parameter of interest. The fixed effect logit estimator of β immediately gives us the effect of each element of xt on the log-odds ratio. Note: Standard errors in brackets. The asterisks represent the degree of significance (one for 10 percent and two asterisks for 5 percent). The results of several further controls are not depicted.
23. As a result of the chosen fixed effect estimation methodology, variables that have the same value within siblings are cancelled out. In Table 4 , we present the results for a remaining selected set of variables. From the remaining variables, only the coefficients of child labor, gender and age are significant. Although, our result indicate a positive effect of age on bad health, the observed positive relationship might be due to the positive correlation between reporting and age and not necessarily reflecting a positive relationship. We observe a similar positive association for being a female. Differences between gender might result from an interaction of biological and environmental factors. Women ' s reproduction function increases biological risk. Pregnancy and childbirth can cause illness and also increase the health risk awareness of women (see Australian Social Trends, 1998) . The results confirm the hypothesis that the child labor has a deleterious effect on health in the long run. Notice that the effect of child labor on health seems to be direct and not through the educational channel discussed before. As the coefficient of child labor is equivalent to the log odds ratios, the results predict that, ceteris paribus, an over 40 % increase in the probability of having health problems if a person worked as a child. This is a substantial effect. Additionally, since we consider the result as the lower bound of "true causal effect" the effect might be even stronger.
CONCLUSION
24. The effects of child labor on health are very difficult to identify with clarity. The relationship is clouded by endogeneity problems due to the joint determination of children's activities and of the investment in their health and by the role of unobservable individual and household characteristics. While there is strong evidence correlating child work to bad health outcome for children working in particular sectors or dealing with dangerous equipment and techniques, the evidence is far from firm for the majority of the children working in "normal" circumstances. As discussed, there is little evidence of contemporary effects of child work on health, while it appears that health consequences become more evident as time passes. It has been argued that the deleterious health effects of child labor might take time to produce and they are likely to become apparent later during the life of the individual. We have focused our analysis on such a long term relationship, trying to identify the consequences of having worked as a child on the current health of the adult. Few results are already available in this area: research on Brazilian data seems to indicate the existence of such a long term relationship. However, these results confirm the existence of a correlation between the two variables but the interpretation of such correlation in causal terms has to be treated with care as the role of unobservable has not been taken into account. In this paper we have used a constructed sample of Guatemalan siblings to investigate the long term health effects of child work. The results, that take into consideration the role of unobserved household characteristics and preferences, show that such effect is present and it is also relatively large. Our estimations strategy does not allow taking care of individual unobservable, but we argue (also on the basis of empirical evidence) that if anything our results might underestimate the impact of child labor on health when adult. The estimated effects show that having worked as a child increases by about 40 per cent the probability of having bad health as an adult. The significance and the size of such an effect seems to indicate that health effects of child labor take time to manifest themselves, and that by looking at contemporaneous and medium term health consequences of child labor might lead to a substantial underestimate of the welfare costs of child labor. Also, this indicates that policies aimed at reducing child labor will have substantial spillover in terms of the health status of the adult population and these benefits, also in terms of reduced health costs for the society, should be taken in to consideration when evaluating intervention policies aimed at address the child labor issue. 
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